The Danish diet is characterized by a high content of sugar, fat dairy products and red meat, and a low content of fruits and vegetables. As it is considered unhealthy and environmentally unfriendly, various alternatives to the standard Danish diet have been investigated and promoted in Denmark, such as the New Nordic Diet. By using a Life Cycle Assessment (LCA), this study estimates the carbon footprint (CF) of four different diet scenarios in Denmark: standard, carnivore, vegetarian and vegan. The LCA is applied to build a dataset of the 47 most widely eaten food and beverage products, which represent the average Danish eating habits and grouped into six food categories. Unlike most past LCA-based studies, where system boundaries are limited to the farm gate, this study covers all activities and relative use of materials and energy, from the food production phase to the final consumption (namely 'from-cradle-to-fork'). We find that the highest CF value is associated with the carnivore diet, which has the highest impact (1.83 t CO 2 eq person −1 year −1 ). The vegan and vegetarian diets record the best profiles (0.89 and 1.37 t CO 2 eq person −1 year −1 , respectively), whereas the standard Danish diet has a CF value of 1.59 t CO 2 eq person −1 year −1 . We find that the food production phase is the most significant in terms of CF (65-85%). This study confirms that dietary preferences are a strong driver of CF. A comparison with CF associated with other diets suggests that a further research could provide a guidance to promote healthy eating patterns with adequate nutritional values and better environmental performances.
Introduction
At global level, food consumption is one of the most resource-demanding activity and it is among the main drivers of the environmental impacts ). More than a third of the world land surface is involved in food production (Garnett 2011) , which, together with food processing, preservation, distribution and disposal, demands a considerable amount of energy and resources, contributing to 19-29% of the total greenhouse gas emissions (GHG) from human activities (Searchinger et al. 2008 ). According to Friel et al. (2009) , approximately 50% of all GHG emissions from the food system are related to farming activities, which include methane (primarily from enteric fermentation), nitrous oxide (primarily from production of forage crops and manure management), and carbon dioxide (primarily from land-use change) . The conversion of ecosystems to agricultural land for producing food is also responsible for biodiversity loss and nutrient runoff (Turner et al. 2007) , and, more generally, for the land-grabbing phenomenon (Coscieme et al. 2016) .
Current trends in food production and consumption are considered unsustainable (van Dooren et al. 2014) , and approximately one third of the human influence on climate change and land use is related to dietary choices and to the food production chain (Vringer et al. 2010; Garnett 2011) . As highlighted by van Dooren et al. (2014) , this is more than the impacts of leisure, housing or labour. In this context, eating habits play a key role in affecting GHG emissions from the food and agricultural sector (Ulaszewska et al. 2017 ). An increasing number of studies estimated how a consumer demand may influence the supply chain of this sector and associated GHG emissions (Ulaszewska et al. 2017; González-García et al. 2018) . In particular, a large body of research highlighted the urgent need of more sustainable eating patterns (van Dooren et al. 2014; Perignon et al. 2017) . According to FAO (2010) , 'sustainable diets are those diets with low environmental impacts which contribute to food and nutrition security and to healthy life for present and future generations'. Hence, in combination with technical advances in agriculture (Bryngelsson et al. 2016) , changes towards more sustainable dietary patterns which represent an essential reference point upon which strategies to drive GHG emission reduction and stimulate awareness should be based. Consumption choices imply consequences in terms of pollution and emission generation for which the final consumer is, at least in part, responsible. In fact, the demand for a product contributes to activate production processes that use energy and materials Caro et al. 2017 Caro et al. , 2018 . Hence, stimulating knowledge of the consequences of production options and consumption choices along with the supply chain increases the ability of everyone to generally improve the environmental performance of the whole food system. By 2020, the European Union (EU) is set to reduce its GHG emissions from food sector by 30% compared to 1990s levels (FoodDrinkEurope 2011). Among with the EU countries, Denmark produces food with one of the world's lowest climate footprints (DCA 2016) . However, the Danish diet has often been characterized by its unhealthy and environmentally unfriendly features because of a high content of sugar, fat dairy products, red meat and a low content of fruits and vegetables (Slimani et al. 2002) . Indeed, Nordic countries have changed their variegated traditional diet into a more Western diets, characterized by a high consumption of animal products, which leads to an intake of saturated fats and red meat above dietary recommendations (Pan et al. 2012) . Denmark recorded one of the highest per capita meat consumption at the global level (97 kg/a, 11th globally) (FAO 2007) , and a recent study found that, in 2010, Denmark was the European country with the greatest pork-related emissions per capita (0.61 tons of CO 2 eq per person, Caro et al. 2014) . As such, EU requirements recommend that the Danish non-quota sectors-i.e. agriculture, transport, buildings and waste-should reduce their GHG emissions by 39% before 2030 compared to 2005 levels (DCA 2016).
In recent years, various alternatives to the standard Danish diet have been investigated and promoted in Denmark. Goldstein et al. (2016) presented an LCA comparing predicted environmental performances of average omnivorous Danish and conceptual vegetarian and vegan diets. They found that vegetarian and vegan diets had better environmental performances compared to a standard Danish diet. However, the study excluded fish and beverages from the assessment and all the processes beyond agricultural production were neglected. Saxe et al. (2013) also compared the standard Danish diet with two healthier Nordic diets, excluding impacts related to the final consumption. They discovered that the GHG emissions from the two Nordic diets were lower than the average, by 8% and 7%, respectively. Saxe (2014) also compared the environmental impact of 30 food and beverage categories, excluding all the activities which follow the distribution at the supermarket stage. Six Danish omnivorous dietary patterns were analysed by Werner et al. (2014) , based on different intake of dietary products. They highlighted how excluding dairy products from the diet does not necessarily reduce climate change impact; on the contrary, it may have negative nutritional consequences (Werner et al. 2014) .
Life Cycle Assessment (LCA) is a well-known evaluation tool for assessing and reporting potential environmental loads and resource utilization in each step of a product or service supply chain (ISO 2006; . Numerous studies can be found in literature, estimating the environmental impact of food consumption patterns following the LCA framework (Saxe et al. 2013; Goldstein et al. 2016; Castañé and Antón 2017; Rosi et al. 2017) . Focusing on the climate change category, LCA estimates the carbon footprint (CF) of a final product. In particular, CF considers the total amount of GHG emissions directly and indirectly caused by an activity or accumulated over the life stages of a product (Wiedmann and Minx 2008) .
In line with Corrado et al. (2019) , the aim of the present study was to assess how personal consumption choices and behaviour can affect the GHG emissions (CF evaluation) generated by different diet profiles. LCA is applied to a collection of the 47 most widely consumed food and beverage products, selected to represent the average Danish eating habits and to quantify the variation of GHG emissions associated with possible dietary shifts. To develop an accurate and detailed data inventory, products are divided into six food categories, in line with those of 'food pyramid' (BCFN 2016) , where all the quantities represent the average consumption in Denmark. For these products, the value of GHG emission per unit product is calculated and presented. We compare the standard Danish diet with three other different diet scenarios: carnivore, vegetarian and vegan. Unlike most LCA-based studies, where system boundaries are limited to the farm gate, this study covers all the activities and relative use of materials and energy, from the food production phase to final consumption.
Materials and methods
2.1 LCA framework and system boundaries LCA accounts for input (e.g. materials and energy) and output (e.g. emission) flows, as well as the potential environmental impacts (e.g. global warming, acidification potential, eutrophication potential, etc.) of a product, system or activity of any nature (Baldo et al. 2008 ) during resource extraction, manufacturing, distribution, use and end-of-life stages of product/service (Guinée et al. 2002) .
To perform LCA and to evaluate the CF, the software SimaPro 8.4.0.0 (Pré Consultants 2014) and the CML-IA Baseline 2000 impact assessment method have been used. Characterization factors of the indicator 'Global warming 100a', included in CML-IA Baseline 2000, have been updated to value of IPCC 2013 (PRé Consultants 2016).
The LCA of four diet typologies has been developed by considering four main phases ( Fig. 1) : production (agricultural and industrial processing), packaging, distribution (local distribution including retail and consumer home transport) and final consumption (home storage and cooking). This study is focused on the GHG emission related to direct nutritional aspects and food habits of an average Dane, and it is named 'from-cradle-to-fork' (Ulaszewska et al. 2017) . The end-of-life stage has not been included because it is beyond the aim of this study (Fig. 1 ). According to Goldstein et al. (2016) and Heller et al. (2013) , the daily energy intake is recommended as a reference unit for dietary comparison from the consumption point of view. For this reason, the functional unit chosen in this study was the average caloric intake of the European countries, which is about 2000 kcal person −1 day −1 in line with the recommendations of the Panel on Dietetic Products, Nutrition and Allergies (EFSA 2009 
Food data collection
To quantify the average food consumption at national level, we considered data reported in the Food Balance Sheet (FBS), assembled by the Food and Agricultural Organization (FAO), specific for Denmark (FAOSTAT 2018) . The FBS is claimed as one of the most detailed datasets currently available for retrieving the food supply patterns at the country level (de Boer et al. 2006) . The dataset provides data on the national per capita food consumption (i.e. amount of food = food production + food imports − food exports) in tons and kilogram per person per year at retail level, i.e. food reaching the consumer. The most recent reference year for FBS dataset available for Denmark is 2013. In the case of statistical data missing for some specific food items, such as cheese and yogurt, the average personal consumption values were obtained respectively from Statistics Denmark (2018) and Canadian Dairy Information Centre (CDIC 2013). Forty-seven widely consumed food products, representative of the Danish diet according to FBS, were then categorized. We identified six food categories in line with those used in the 'food pyramid', as follows: fruits and vegetables; grains; protein rich; milk and dairy; food rich in fat, sugar, alcohol and stimulant; and condiments. It is important to note that for the consumption data of fruits and vegetables, FBS aggregates many different food items into two macro categories: 'Fruits other' such as pears, apricots, cherries, peaches and nectarines, berries, melons, avocado and kiwi fruit (excluding apple, banana and oranges which have their own reference data); and 'Vegetables other' such as cabbages and other brassicas, artichokes, asparagus, lettuce and chicory, spinach, cauliflowers and broccoli, pumpkins, cucumbers, eggplants and mushrooms (excluding tomato and onion which have their own reference data). Starting from FBS data, available for each macro category (e.g. fruits, vegetables, etc.), we estimated quantities for single food items on the basis of the 'Market Report Focus on the Nordic Market' (HSH 2009), in which those with the largest consumption are identified in terms of mass. According to HSH (2009), the 'Fruits other' category is represented by three main food items: pears, peaches and kiwi fruit. The 'Vegetables other' category was represented by cauliflower, lettuce, pepper and cucumber. Moreover, each food item has a different percentage contribution into the relative macro category (see Table S1 for the partitioning of food items into the chosen categories).
To estimate the amount of food which is consumed by an average Dane, we applied a conventional method based on the use of conversion factors developed by Vanham et al. (2017 Vanham et al. ( , 2015 Vanham et al. ( , 2013a Vanham et al. ( , 2013b . We adopted three major conversion factors to transform food supply values into real food intakes (Table S2 ). The three correction factors were applied to exclude food losses at different stages of the food chain, such as processing, retail and household levels. Methodologies for the first and third correction factors are described in more detail in Vanham et al. (2017 Vanham et al. ( , 2015 , whereas the second factor was computed from the Technical Conversion Factors For Agricultural Commodities (FAO 2019). These factors are used to obtain supply/utilization accounts for many countries in the world. The first factor helps identify food losses during the processing phase of the food chain; the second factor helps estimate the amount of food products that are wasted and losses at the retail level i.e. between production and household level (storage and transportation); the third factor subtracts the amount of food waste at household level.
Applying the three correction factors, we estimated the quantities of food items which are actually taken in the diet (Table S2 ).
Formulation of diets
Based upon the energy content of the food items provided by the FBS, in terms of kilocalories per person per day, and the food pyramid guidelines, we built up four different diet scenarios: standard Danish, carnivore, vegetarian and vegan. In order to make a comparison among the different diet scenarios, a total intake of 2000 kcal person −1 day −1 was set as energetic reference for all the diet scenarios considered. This value represents the daily calorific intake per average adult (weighted for gender and age) as recommended by The United States Department of Agriculture (USDA) (Venti and Johnston 2002) and currently adopted in Europe (van Dooren et al. 2014) .
In performing alternative diets, this study is based on scientific literature and all values relative to the quantity of food are expressed as kilocalories per person per day. When values from literature were expressed in quantity (e.g. grams person −1 day −1 ), we transformed them into kilocalories per person per day according to FAOSTAT (2018) . When values from literature were expressed as portion of food (e.g. cup equivalent person −1 day −1 ), we transformed them into grams per person per day according to GourmetSleuth (2018) and then into kilocalories per person per day.
The standard Danish diet resulted directly from our food data collection step, used to estimate the total energy intake for a Danish average person.
As information on vegetarian diets in Denmark is scarce (Goldstein et al. 2016) , we elaborated the vegetarian diet starting from WHO ( 2003) and USDHHS ( 2015) . Moreover, we used the food pyramid performed by Loma Linda University-School of Public Health (2008) that provides additional information on the daily food servings for a vegetarian diet.
By further excluding dairy products and honey from the vegetarian diet, we developed a vegan scenario. Here, we assume that the vegetarian and vegan diets replace animal sources by increasing the consumption of pulses, beans, peas, nuts and similar products. Since food items such as soya burghers, tofu and seitan are not included in FBS, this study has not considered these food items as potential alternatives for meat and dairy products in the vegan and vegetarian diets. Finally, we considered a general carnivore diet, in which beef, poultry and pork products are eaten more than once per day. To perform the carnivore diet by keeping a well-balanced nutritional level with the other food categories and vegetal products, we followed the approach presented in Bastianoni et al. (2016) . The four diets have been built with the aim of reflecting the Danish consumer habits based on the average Danish food demand. Unlike most of the studies concerning the environmental impacts of diets, this study includes some beverages (such as beer, wine and coffee) in the 'Food rich in fats, sugar, alcohol and stimulant' category and considers this category equal in all diets. For more detailed information about specific values used to formulate diets, see Table S3 .
Life Cycle Assessment
The LCA data inventory for each diet was based on assumptions and hypotheses, necessary to face the lack of direct data. For instance, food items such as 'nuts' and 'sweeteners' were evaluated through processes already modelled in the SimaPro software, such as 'lupine' and 'molasses', respectively. The inventory and related environmental assessment were taken from Ecoinvent v3.3 (2014) database, the Danish LCA-Food database and Agri-footprint (for the detailed LCI data, see Table S4 ). Tracing food origin is important, as impacts can vary greatly (Godar et al. 2015) , due to various production practices and land use in different countries. For this reason, we considered emission coefficients from LCA studies, based on average carbon footprint values at the international level (Sandström et al. 2018) . Emissions related to the transport are included in those values, because they are modelled in SimaPro software. In the case of missing information, supplementary data were taken from literature, such as the case of wine production (Pizzigallo et al. 2008) , coffee production (Humbert et al. 2009 ) and olive oil production (Neri et al. 2012) , or from suitable datasets such as the Barilla Center for Food and Nutrition (BCFN) (2016) database, used to model pasta process, or the Environmental Product Declaration, used for biscuits (Barilla®) and beer (Carlsberg®) processes. To overcome the lack of data for the Danish context, these production processes (wine, olive oil, pasta, biscuits, beer) were modelled from scratch and assumed as produced in Denmark. For this reason, emissions related to the import of these products were not considered into the system boundaries of our study. However, the system boundaries of this study cover all processes and use of materials and energy, from cultivation activities to the final consumption, unlike most LCA-based studies, which are limited to the farm gate (Saxe 2014; van Dooren et al. 2014; Goldstein et al. 2016) or to the retail level (Saxe et al. 2013) , as highlighted by Hallström et al. (2015) . This study examined the consumption phase and evaluated the environmental impact produced by home storage and cooking phases.
To model the CF associated with all activities (agricultural stage and industrial processing), processes describing standard agrifood production dynamics were selected. Impacts related to the transport at manufacturer/farm stage are also taken into consideration. All data were referred to 1 kg of food product, and the average GHG emissions were estimated from production to the final consumption of food. In each food category (e.g. fruits, grains and so on), the GHG emissions were computed by summing up the emissions of all food items included in it. Regarding the packaging phase, which is different for each product, inventory data were calculated according to Notarnicola et al. (2017) and Crenna et al. (2019) (for details on the types and quantities of packaging used for each product, see Table S5 ). The study of Notarnicola et al. (2017) was also used to evaluate the impacts related to local distribution. There, it was considered the transport by truck from the manufacturer/farm to a regional distribution centre, and from the regional distribution centre to the retail. For all the products, the total distance travelled was assumed to be 500 km . In this study, only emissions associated with the consumption of food reachable at the supermarket have been considered. The European average distance for local distribution has been included considering the assumption made by Notarnicola et al. (2017) .
The distribution phase at the retail level, instead, considered different kinds of storage that depends on the period of retail (long time or short time) and temperature of retail (room temperate or cooling counter). These processes included the energy consumption in terms of heat and electricity in a large store. The energy consumption associated with the storage time of the products in a retail facility was provided by Nielsen et al. (2003) .
In line with Notarnicola et al. (2017) , this study also considered the emissions due to the transport of food at home (4 km transport by passenger car from the consumer's home to the retailer and back). The assumption is that 30 products are bought in a single purchase, including food and non-food products; the impact of transport is therefore allocated between the purchased products considering that each product is one of thirty items purchased (3.33% of the transport burden) (Vanderheyden and Aerts 2014) .
Regarding the final consumption phase, two processes are considered: home storage and cooking stages. For the former, impacts were assessed considering the consumption of energy to conserve food in a refrigerator. We assumed a class A refrigerator which was already included in the LCA-Food database. Food items which are not refrigerated were considered as stored at room temperate condition. Environmental burdens of cooking, instead, were related to the energy consumption used to make food ready for the final consumption. According to Notarnicola et al. (2017) and Muñoz et al. (2010) , a cooking scenario was defined for each food product (Table S6) , and an energy use factor was associated with each cooking process. According to Eurostat (2018) , in Europe, cooking is generally based on the use of electricity (in 14 Member States) and gas (9 Member States) with Malta using petroleum products (92.5%). In Denmark, the final energy consumption in the residential sector for cooking is represented for 87.9% by electricity, so we used generic energy use factors from Foster et al. (2006) : 3.5 MJ of electricity kg −1 for boiling; 7.5 MJ of electricity kg −1 for frying; and 9.0 MJ of electricity kg −1 for roasting. These values were referred to the totally energy delivered, including heat losses. Different authors argue that there is no reason to assume that some stages, such as transport from retailer to the household, cooling and cooking, are different among different diets (Tukker et al. 2011; Castañé and Antón 2017) . The amount of food transported by car, cooled in the fridge and cooked is similar, and for this reason, the amount of food transported by car, cooled in the fridge and cooked was set equal in this study. Table 1 shows a complete list of the products considered in this paper, and the CF values associated with the production phase, because it is the most relevant life cycle stage. The list shows a wide range of values among the different products. For instance, we can observe the distance of one order of magnitude, or even more, between the category of 'Fruits and vegetables' and the category of meat. Also, the production of fats, both animal and vegetal, implies high level emissions per unit product. In general, animal-derived food items present the highest CF in our database.
Results
The distribution of items is very similar to that reported on the BCFN environmental pyramid (BCFN 2016) and on the Danish Ministry of Food, Agriculture and Fisheries database (Ministry of Environment and Food of Denmark 2009).
Results presented in Fig. 2 show that the carnivore diet has the highest impact (1.83 t CO 2 eq person −1 year −1 ), whereas the vegan and vegetarian diets recorded the best profiles (0.89 t CO 2 eq person −1 year −1 and 1.37 t CO 2 eq person −1 year −1 , respectively). The standard Danish diet has a CF value of 1.59 t CO 2 eq person −1 year −1 . It should be noted that the CF of the vegan diet is almost a half of the carnivore one. Figure 3 shows the percentage contribution of the different lifecycle stages of food items (described in Fig. 1) to characterize the CF of each diet. We observed that the food production is the most significant phase in terms of CF for all food items. This phase includes agricultural production and industrial processing, and covers 65%, 75% and 85% of GHG emissions of vegan, vegetarian and standard and carnivore diets (Fig. 3) .
Excluding the production stage, the other lifecycle phases result in lower contribution to the total CF. For instance, the packaging phase represents about 4% of total CF in all the diets. Impacts associated with the transport for the local distribution and to the energy consumption at the food storage level contribute to 2-3% in each dietary pattern. The contribution of the home transport is also negligible in all the scenarios. However, the final consumption phase discreetly contributes to the total CF. Indeed, Fig. 3 shows that the overall contribution associated with the home storage and cooking stage is around the 20% for each diet, excluding the carnivore scenario (9% of the total CF associated). In particular, vegetarian and vegan diets have the highest percentage contribution related to home storage (9% and 10%, respectively). In the standard Danish diet, the cooking stage is relevant as in the vegan scenario (12%). Figure 4 shows how much (in percentage value) food categories influence every single life cycle stage.
The food production phase plays the most important role in terms of emissions. About 66% of the GHG emissions in carnivore diet are related to the consumption of food rich in proteins (1.03 t CO 2 eq person −1 year −1 ) especially meat, and about a quarter of the CF associated with carnivore diet is due to the consumption of beef (0.48 t CO 2 eq person −1 year −1 ). In the standard Danish scenario, the consumption of food rich in protein contributes to the 45% of the CF, but it is lower (10% and 5%, respectively) in the vegetarian and vegan diets, mostly due to the consumption of legumes such as peas and beans, and eggs (only for the vegetarian diet). In vegetarian and vegan diets, fruits and vegetables substantially contribute to the total CF (26% and 59%, respectively), whereas their contribution in standard and carnivore diets is lower (17% and 15%, respectively). Moreover, in the vegetarian diet, 48% of the CF is due to the consumption of milk and dairy products, compared to the 21% and 9% associated with the standard and carnivore diets. The vegan diet shows the highest percentage contribution (19%) for the category 'Food rich in fat, sugar, alcohol and stimulant'.
In the packaging phase, the 'Food rich in fat, sugar, alcohol and stimulant' category represents more than the 50% of the CF in each diet profile, reaching the 68% in vegan pattern.
For local distribution and retail stage, the 'Fruits and vegetables' category plays the central role covering about 37% and 80% of the GHG emissions, respectively.
For the consumers' home transport phase, the percentage distribution of each food category is the same, because the study did not consider differences due to the transport of food at home in the four diets. In the home storage stage, a relevant contribution is due to/made for the 'Fruits and vegetables' category, followed by milk and dairy products (Fig. 4) .
In the cooking phase, grains and food rich in protein generally contribute on average to 40% and 30%.
Discussion and conclusions
Figures 2, 3, and 4 progressively help highlighting diets, food categories and life cycle stages which contribute in different ways to the total CF; this information was useful to identify the most relevant elements to handle in order to inspire more and more sustainable food habits.
Dietary preferences are a strong driver of CF. 'Fruits and vegetables' category (typical of vegetarian and vegan diets) generally have been related substantially less to GHG emissions per kilogram of product compared to other food items. The bad environmental performance of the carnivore diet derives from its excessive dependence on livestock products. According to Nijdam et al. (2012) , beef is particularly pernicious in that, because it requires large quantities of inputs (feed, water and land) which results in large amounts of GHG emissions. About a quarter of the carnivore diet CF (0.48 t CO 2 eq person −1 year −1 ) was due to the consumption of beef meat. Considering the relevance of meat consumption, the vegetarian and vegan profile present lower impacts. We estimated a reduction of GHG emissions equal to 14% and 44% compared to the current standard Danish diet, for the vegetarian and vegan profiles (in line with Hallström et al. 2015) .
However, meat and meat products contribute significantly to the intake of energy, protein and important micronutrients, at least when they are consumed frequently (Givens et al. 2006; Millward and Garnett 2010) . Hence, in a further research, it could provide guidance to promote healthy eating patterns which admit a moderate amount of meat, as part of a balanced diet (McAfee et al. 2010) . A number of studies, as well as some national food guides, reveal that a diet characterized by a low intake of red meat and saturated fat is considered sustainable and healthy, such as the Mediterranean diet (MD), which includes foods with components that promote health (van Dooren and Aiking 2014; Canada's Food Guide 2019), and it stands out for its low environmental impact (Serra-Majem et al. 2011) . Castañé and Antón (2017) estimated that the CF value for the MD is 20 kg CO 2 eq per person per week, which corresponds to 1.04 t CO 2 eq per person per year. Figure 5 summarizes the CF range for different diet scenarios. The value for MD is higher than the CF of the Danish vegan diet but lower than the Danish vegetarian scenario and all other scenarios. In fact, a wide spectrum of food choices can be identified that can influence the CF of diets and the aggregation GHG emission at the national level (Fig. 5) . A large number of intermediate solutions (between vegan and carnivore) can be found on the basis of possible improvements in terms of agro-production process, substitution of foods and eating habits, which may induce relevant changes in both national and local GHG accounting. According to our findings, where the total Danish population in 2013 is considered, a vegan profile might reduce the national CF of about 4 Mt CO 2 eq year −1 and 5 Mt CO 2 eq year −1 compared to the Danish standard and carnivore profile, respectively. In comparison with the vegetarian diet, vegan diet might also save about 2.7 Mt CO 2 eq year −1 .
Although dietary guidelines vary per country, according to the WHO, a healthy diet is based on fruit, vegetables, legumes, nuts and whole grains, and it contains limited amounts of free sugars, salt and fat, and an amount of calories that is in balance with energy expenditure (WHO 2015) . Replacing animal proteins with alternative foods such as pulses, legumes and mushrooms or the so-called superfood such as quinoa might be considered an improvement (Pathak et al. 2010; Jedidi et al. 2017) . For example, we find that a beefsteak (150 g) has a CF of 2.15 kg CO 2 eq; in terms of mass, this portion corresponds to the consumption of 2.5 portions of beans. With a CF of 0.08 kg CO 2 eq per portion (60 g) of these legumes, it is possible to save more than 90% of GHG emissions compared to a beefsteak. It is also possible to reduce and replace beef consumption, with other source of proteins such as eggs. In this case, the CF of a beefsteak corresponds to the consumption of 2.5 eggs; with a CF of 0.3 kg CO 2 eq, the consumption of a single egg (60 g) could save more than 80% of GHGs compared to a portion of beef. Consequently, dietary change holds a theoretical mitigation potential, which has been also shown in several other studies (Berners-Lee et al. 2012; Risku-Norja et al. 2009; Saxe et al. 2013; Westhoek et al. 2014; EAT-Lancet Commission 2019) . In this context, results and information obtained from this study, based on average technological and agrifood processes, could be a starting point to support a climate-friendly management of food resources and an improvement of cooperation and coordination in the agrifood system to increase the sustainable food production and supply systems within Danish food sector. However, more research into the emerging technologies and novel foods, e.g. tofu and plant-based proteins, and the associated CFs should be performed to support a climatefriendly development of the Danish food sector.
Although meat and dairy products are the most important supplier of protein intake (Behrens et al. 2017 ), a better knowledge of consumer choices and eating habits should be supported, thus evaluating which aspects influence the food choices. Since consumer preferences are strongly related to the individual lifestyle, educating people to make changes in their eating habits could be a turning point for increasing the environmental performances of diets. In particular, the potential for dietary shifts towards less impacting diets (i.e. reduction of meat consumption) has been recommended as an important and necessary strategy to mitigate GHG emissions (Ridoutt et al. 2017; EAT-Lancet Commission 2019) . Therefore, (i) diversifying meat consumption habits; (ii) encouraging the use of white meats such as poultry and pork, rather than beef meat (Saxe et al. 2013) ; and (iii) shifting towards more sustainable dietary choices rich in plant-based food which have a higher protein efficiency per unit GHG emissions (González et al. 2011 ) might be promising ways to reduce the CF of the Danish diet.
Another potential tool to decrease the CF of the Danish diet is referred to the New Nordic Diet guidelines (Ulaszewska et al. 2017 ), a dietary model focused on the selection of locally and seasonal foods, based on organic production systems.
New and emerging technologies applied to agrifood production systems may play an important role in reducing GHG emissions associated with the supply chain of food e.g. promoting energy efficiency (Zhang et al. 2016) , decreasing emission from livestock production (Maia et al. 2016) , or the use of renewable energy derived from the production processes (Sharma et al. 2016 ). In the case of Denmark, the consumption of renewable energy has been rising in recent years and now accounts for 28% of total gross energy consumption (Statistics Denmark 2017).
We find that the percentage contribution to the total GHG emissions of the consumption stage (i.e. transport from the retailer to the household and home cooking) is about 20% of the total CF of standard Danish diet. This value was similar to the result of Esteve-Llorens et al. (2018) , which reported an average contribution of approximately 17%. Lifecycle stages such as local distribution and transport at the storage level had the lowest role in terms of GHG emissions with GWP values of around 0.04-0.03 t CO 2 eq person −1 year −1 , respectively, for each diet scenario. According to Notarnicola et al. (2017) , the CF of the local distribution and home storage takes into account the GHG emissions released from energy production due to the production of heat, steam, electricity and due to the transport of food items. The CF associated with cooking stage and the other final use phases were very similar among all the scenarios. Food packaging represents a minor contributor to the total CF of each diet scenario (Fig. 3 ). However, it should be noted that data on food packaging are not as well documented as data for the production and final consumption stages.
Only a few studies concerning CF and diet can be compared with our study due to the diversity of modelling choices and assumptions (Ridoutt et al. 2017) . For instance, Behrens et al. (2017) recorded a CF of about 3 kg CO 2 eq day −1 for the standard Danish diet, which is slightly different (about 46% higher) from the results obtained in our study (4.37 kg CO 2 eq day −1 ). However, unlike Behrens et al. (2017) , the system boundaries of our analysis included packaging, distribution and final consumption phases. Our CF value for the standard Danish diet is very close to that, and it is obtained from Goldstein et al. (2016) (4.27 kg CO 2 eq day −1 ), who, however, neglected the three correction factors and used ReCiPe as an impact assessment methodology, which is a follow up of Eco-indicator 99 and CML 2002 methods (JRC 2010). Overall, our result for the standard diet is decisively within the CF value range (3.62 to 4.83 kg CO 2 eq person −1 day −1 ) obtained from Werner et al. (2014) who used the same system boundaries as in this study. However, they used a daily energy intake value of 2197 kcal which is slightly higher (around 10%) than the value used in this study (2000 kcal) . The CF value of the European diet (1.45 t CO 2 eq per person per year; Notarnicola et al. 2017) is close to our value for Denmark (1.59 t CO 2 eq per person per year) even if the end-of-life phase included the solid waste treatment of food scraps and unconsumed foods, and the wastewater treatment of the waste excretion of human metabolism, are not captured by our analysis. However, according to Muñoz et al. (2010) , these processes mostly affect other impact categories such as eutrophication potential.
Different aspects were relevant for the complexity of our analysis, such as the variety of the consumed food items, their different agricultural production systems and local environmental settings (Ridoutt et al. 2017) . Recently, Pernollet et al. (2016) investigated several LCA studies on choices of systems boundaries and impact categories and how they affected the results . They highlighted that compared to a full LCA with inadequate system boundaries, the simplified LCA methods developed in their study can yield more accurate results at a lower cost of data collection. This study developed an approach that provides guidance for obtaining the best trade-off between available resources and the robustness of LCA results (Pernollet et al. 2016 ). According to Heller et al. (2013) , data availability and quality remain primary obstacles in diet-level environmental impact assessment. For instance, the assumptions regarding the transport of food at the production phase have reduced the complexity of the system dynamics and distribution chains. In lack of detailed information, for this kind of evaluation, we used the Ecoinvent v3.3 (2014) datasets already modelled in the SimaPro 8.4.0 software. This choice allowed assessing the emissions associated with the production level and with the different kinds of transport involved in the agrifood sector. The origin of consumed food plays an important role when calculating dietary emissions. This is not only because of international food transportation, which is not so relevant (Weber and Matthews 2008; Sandström et al. 2018) . Therefore, processes availability based on primary data associated to the north European contest, in our case Denmark, would allow a more representative and site-specific overview of the GHG emissions. For this reason, according to González-García et al. (2018) , consideration of the different approaches to foreground and background data sources (i.e. statistical consumption data, or data according to health recommendations), mode of transport and distances, as well as production systems, may lead to underestimation.
